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Description 

Arrangement having a first device,, and a second device which 
is connected to the first device via a cross bar 

The present invention relates to an apparatus as claimed in 
the preamble of patent claim 1, that is to say to an arrange- 
ment having a first device , and having a second device which 
is connected to the first device via a cross bar. 

An arrangement such as this may r but need not, be entirely or 
partially a component of a programmable unit such as a micro- 
processor , microcontroller, signal processor or the like. 

15 The first device is a device which is referred to in the fol- 
lowing text as a master unit and can initiate a transfer of 
data from or to the second device, that is to say a read or 
write access to the second device; it may therefore be, by 
way of example, but need not necessarily be, a CPU or a DMA 

20 controller of a programmable unit. 

The second device is a device which is referred to as a slave 
unit in the following text and emits data requested by the 
master unit to the master unit, or receives data supplied to 
25 it from the master unit and further processes or stores this 
data; it may thus, by way of example, but need not necessa- 
rily be, a memory* 

The master unit and the slave unit need not be connected di- 
30 rectly to the cross bar. The connection can also be provided 
via a bus interface, a bus bridge or some other interface. 

Normally, not only a master unit and a slave unit, but a num- 
ber of master units and/or a number of slave units, are con- 
35 nected to a cross bar f and can be connected to one another 
via the cross bar. 
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The fundamental design of an arrangement such as this is 
shown in Figure 2. 

The arrangement shown in Figure 2 comprises a first master 
5 unit Mil, a second master unit Mi2, a third master unit M13 r 
a first slave unit 511, a second slave unit 512 r a third sla- 
ve unit S13 and a cross bar XBl, 

The master units Mil to M13 and the slave units Sll to 513 
10 are connected to one another via * the cross bar XBl. To be mo- 
re precise, this is done in such a way that the master units 
Mil to M13 and the slave units 511 to S13 are connected by 
means of lines or buses, which are not shown in any more de- 
tail in Figure 2, to associated connections of the cross bar 
15 XB1, and such that the connections of the cross bar XB1 to 

which the master units Mil to M13 are connected are each con- 
nected to all the connections to which the slave units Sll to 
S13 are connected • 

20 In addition to the internal connections which have been men- 
tioned, the cross bar XBl contains arbiters All to A13 and 
multiplexers MOX11 to MUX13. 

The arbiters All to A13 are connected upstream of the connec- 
25 tions of the cross bar XBl to which the slave units Sll to 

S13 are connected- To be more precise, this is done in such a 
way 

that the arbiter All is connected upstream of that con- 
30 nection of the cross bar XBl to which the slave unit Sll 

is connected, 

- that the arbiter A12 is connected upstream of that con- 
nection of the cross bar XBl to which the slave unit S12 
35 is connected, and 
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that the arbiter A13 is connected upstream of that con- 
nection of the cross bar XBl to which the slave unit S13 
is connected. 

5 The arbiters All to A13 monitor whether any of the master 
units Mil to M13 are requesting a connection for the slave 
unit which is connected to that connection of the cross bar 
which is connected upstream of the respective arbiter, and 
produce a connection between the relevant slave unit and the 
10 master unit which has requested the connection, when an ap- 
propriate connection request is present and the slave unit is 
not currently connected to any other master unit or - for 
whatever reason - must be connected to another master unit 
prior to this. 

15 

The multiplexers MUX11 to MUX13 are connected upstream of 
those connections of the cross bar XBl to which the master 
units Mil to M13 are connected. To be more precise, this is 
done such that: 

20 

- the multiplexer MUX11 is connected upstream of that con- 
nection of the cross bar XBl to which the master unit 
Mil is connected, 
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25 - the multiplexer MUX12 is connected upstream of that con- 
nection of the cross bar XBl to which the master unit 
M12 is connected, and 



the multiplexer MUX13 is connected upstream of that con- 
30 nection of the cross bar XBl to which the master unit 

Ml 3 is connected. 



The multiplexers MUX11 to MUX13 are controlled by the arbi- 
ters All to Al3 r to be precise in such a manner that data 
35 which is emitted from the slave units is in each case supp- 
lied to the master unit, to be precise only that master unit 

i 
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which has requested the connection for the relevant slave 
unit. 

For the sake of completeness, it should be mentioned that at 
5 least those lines by means of which the master units Mil to 
M13 request a connection for one of the slave units Sll to 
S13 are not routed via the multiplexers. 

It is also possible for different master units to be connec- 
10 ted to different slave units at the same time. * For example, 

the first master unit Mil can be connected, to the second sla- 
ve unit S12, the second master unit M12 can be connected to 
the first slave unit Sll, and the third master unit D113 can 
be connected to the third slave unit S13 at the same time via 
15 those internal connections of the cross bar XB1 which are 
shown by thicker lines. 

The cross bar XB1 thus allows data to be transmitted very ef- 
ficiently between the devices connected to it. 

20 

However, this is true only when the execution of mutually 
corresponding actions, which one master unit can request from 
different slave units, take place from the point of view of 
the master unit in accordance with the same scheme, in parti- 
25 cular having- the same timing - 

For example, this is not the case when the master unit recei- 
ves the data requested from a first slave unit after n clock 
cycles and receives the data requested from a second slave 
30 unit later, that is to say only after n + m clock cycles - 

This may occur, for example, when the second slave unit re- 
quires a longer time to emit the data requested from it than 
the first slave unit:. 

If differences such as these are present, 

35 

- the special features of the respective slave units, in 
particular the reaction times of the slave units, must 
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be set in the master unit to the requirements emitted 
from the master unit, or 



- the cross bar must contain so-called wait state genera- 
5 tors, which produce so-called wait states to signal to 

the master units that the slave unit has not yet reacted 
to the request from the master unit. 

However , this makes the design and operation of the master 
10 units and of the cross bar more complex and complicated. 

Furthermore , the various reaction times of the slave units to 
a request from a master unit do not depend only on the design 
of the slave unit but also on the signal delay times between 
15 the master units and the slave units. 

The length of the signal delay times depends, inter alia, on 
the length of the connecting lines between the master units 
and/or the slave units and the cross bar, so that the signal 
20 delay times may differ considerably from one another. 

Furthermore, poor signal delay times may make it necessary to 
insert one or more pipeline stages, in the form of flipflops 
for example, in the signal paths between certain master units 
25 and the cross bar and/or between certain slave units and the 
cross bar, and these pipeline stages may result in additional 
delays in the reaction of the slave units to a request from a 
master unit. 

30 Additional delays may, furthermore , also occur as a result of 
the master units and the slave units not being connected di- 
rectly to the cross bar, via bus interfaces, bus bridges or 
the like. 

35 If such additional delays are present r and these delays are 
also intended to be taken into account by appropriate set- 
tings of the master units or of the wait state generators for 
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the cross bar f the design and operation of the master units 
and of the cross bar becomes even more complex and complica- 
ted. 

5 Another solution to the problems caused by the additional de- 
lays is for the clock frequency at which the data is trans- 
mitted between the devices connected to the cross bar to be 
reduced sufficiently that the different signal delay times 
have no effect on the reaction times , and no pipeline stages 
10 are required either. However, in this case, the system opera- 
tes more slowly than the speed at which it oould actually 
operate . 

The present invention is thus based on the object of finding 
15 a possible way in which the components of an arrangement of 
the type described above can cooperate ef ficiently, and can 
be combined in a flexible manner, with these components ha- 
ving a simple design and being simple to operate* 

20 According to the invention, this object is achieved by the 
arrangement claimed in patent claim 1- 

The arrangement according to the invention is distinguished 

- when a read access to the second device occurs r the 

25 first device reads the data emitted from the second de- 

vice, when it receives a ready signal which is produced 
by the second device and is supplied, to the first device 
via the cross bar, and 

- when a write access occurs from the first device to the 
30 second device, 

- the first device emits the data to be written to 
the second device, when it receives a ready signal 
which is produced by the second device and is supp- 
lied to the first device via the cross bar, and 
35 - the second device reads the data emitted from the 

first device, when it receives a data valid signal 
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which is produced by the first device and is supplied 
to the second device via the cross bar. 

In an arrangement such as this, the slave unit signals to the 
5 master unit, and the master unit signals to the slave unit, 
that the action in each case expected from the respective 
unit has been carried out, so that the special precautions 
mentioned initially do not need to be carried out either in 
the master unit, in the cross bar or in the slave unit, which 
10 makes it possible for the master unit or the slave unit to 
carry out the actions which must be carried out, or to pre- 
vent those actions from being carried out, once a specific 
state has occurred in the slave unit or in the master unit. 

15 The claimed arrangement thus allows the components of this 

arrangement to cooperate efficiently and to be combined fle- 
xibly, and said components having a simple design and being 
simple to operate. 

20 Since most units which can be used as a slave unit intrinsi- 
cally produce a ready signal or a signal which can be used as 
a ready signal, or can produce such a signal with little ef- 
fort, and most units which can be used as a master unit in- 
trinsically produce a data valid signal or a signal which can 

25 be used as a data valid signal f or can produce such a signal 
with little effort, the claimed arrangement can, furthermore, 
even be produced more simply and can be operated more simply 
than conventional arrangements of the type under discussion. 

30 Advantageous developments of the invention can be found in 

the dependent claims, in the following description and in the 
figures. 

The invention will be described in more detail in the follo- 
35 wing text using an exemplary embodiment and with reference to 
the figures, in which: 
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Figure 1 shows the design of the arrangement described in 
the following text, and 

Figure 2 shows the design of the conventional arrangement 
5 described initially. 

The arrangement described in the following text is in prin- 
ciple designed in the same way as the arrangement illustrated 
in Figure 2 and described initially with reference to this 

f 0 figure. This means that it has at least one master unit f at 
least one slave unit and a cross bar connecting these units 
to one another. Figure 1, with reference to which the arran- 
gement introduced here will be described,, shows only one ma- 
ster unit and two slave units, in contrast to Figure 2 r for 

15 the sake of clarity* 

Each of the available master units can access (via the cross 
bar) at least one of the slave units. In the example under 
consideration, the accesses are read accesses , by means of 

20 which a master unit reads from a slave unit data stored in 
that slave unit, and write accesses by means of which a ma- 
ster unit transmits to the slave unit data to be stored or to 
be further processed in that slave unit. The accesses which 
the master units make to the slave units may, however, also 

25 be any other desired types of access. 

The described arrangement in the example under consideration 
is a component of a programmable unit such as a microproces- 
sor, microcontroller or signal processor* However, there is 
30 no restriction to this- In particular, certain master units 
and/or slave units may at least partially also be provided 
outside the programmable unit and, furthermore, the described 
arrangement may also entirely or partially be a component of 
an integrated or non integrated circuit. 

35 

As in the case of the conventional arrangement described in- 
itially, it is also true in the case of the arrangement de- 
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scribed in the following text that the master units and the 
slave units need not be connected directly to the cross bar, 
but may also be connected to the cross bar via a bus inter- 
face , a bus bridge or the like* 

5 

The arrangement described in the following text has a number 
of differences in comparison to the arrangement described in- 
itially with reference to Figure 2, and these will now be de- 
scribed with reference to Figure 1. 

10 

The arrangement shown in Figure 1 contains a master unit Ml, 
a first slave unit Sl r a second slave unit S2, and a cross 
bar XB. 

15 The cross bar XB contains arbiters Al and A2, multiplexers 
MUX1, MUX2 and MUX3, as well as pipeline stages PSl to PS7, 
with the pipeline stages PSl to PS7 in the example under con- 
sideration being formed by registers, to be more precise by 
flipflops, although they could also be implemented in any 

20 other desired way- The arrangement and the operation of the 
components . of the cross bar XB will be described in more de- 
tail later on. 

The master unit Ml and the slave units SI and S2 are connec- 
25 ted to one another via the cross bar XB. To be more precise, 
this is done in such a way that: 

- the master unit Ml 

- is connected via a first address bus ADDRl to an 
30 input connection of the arbiter Al and to an input 

connection of the arbiter A2 r 

- is connected via a first write data bus WRITE1 to 
an input connection of the multiplexer MUX2 and to an 
input connection of the multiplexer MUX3, and 

35 - is connected via a first read data bus READl to the 

output connection of the multiplexer MUXl, 

- the slave unit SI 
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- is connected via a second address bus ADDR2 to the 
output connection of the arbiter Al, 

- is. connected via a second write data bus WRITE2 to 
the output connection of the multiplexer MUX2, and 

- is connected via a second read data bus READ2 to an 
input connection of the multiplexer MUX1, and 
the slave unit S2 

- is connected via a third address bus ADDR3 to the 
output connection of the arbiter A2, 
-^is connected via a third write data bus WRITE 3 to 
the output connection of the multiplexer MUX3 r and 

- is connected via a third read data bus READ3 to an 
input connection of the multiplexer MUX1* 

A further master unit would 

- be connected via a fourth address bus to a further 
input connection of the arbiter Al and to a further 
input connection of the arbiter A2, 

- be connected via a fourth write data bus to a 
further input connection of the multiplexer MUX2 and 
to a further input connection of the multiplexer 
MUX3, and 

- be connected via a fourth read data bus to the out- 
put connection of a further multiplexer, whose input 
connections are connected to the read data buses 
READ1 and READ2. 

Expressed in general form, this is done in such a. way that: 

30 - a multiplexer associated with the relevant master unit 
is provided for each of the master units connected to 
the cross bar, and 

- an arbiter associated with the relevant slave unit and a 
35 multiplexer associated with the relevant slave unit are 

provided for each of the slave units connected to the 
cross bar, 
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with 

the multiplexer associated with each master unit 
5 - connecting the input connections via read data bu- 

ses to all the slave units that are present, and 

- connecting the output connection via a read data 
bus to the master unit f 

10 - the multiplexer associated with each slave unit ^ 

- connecting the input connections via write data bu- 
ses to all the master units that are present r and 

- connecting the output connection via a write data 
bus to the slave unit, and 

15 - the arbiter associated with each slave unit 

- connecting the input connections via address buses 
to all the master units which are present r and 

- connecting the output connection via an address bus 
to the slave unit, 

20 

The multiplexers that are present are controlled by the arbi- 
ters . 

Addresses which are emitted from the master units as well .as 
25 various control signals which will be described in more de- 
tail later on are transmitted via the address buses. 

Data emitted from the slave units as well as various control 
signals which will likewise be described in more detail later 
30 on are transmitted via the read data buses. 

Data emitted from the master units as well as various control 
signals which will likewise be described in more detail later 
on are transmitted via the write data buses. 

35 

The master units which are connected to the cross bar XB can 
access the slave units for reading and/or writing. A read 
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access to a slave unit allows the master unit to read data 
stored in that slave unit? a write access to a slave unit al- 
lows the master unit to transmit data to be stored or further 
processed in the slave unit to that slave unit. 

5 

The procedures which take place during a read access and the 
procedures which take place during a write access will be de- 
scribed in more detail in the following text with reference 
to Figure 1. 
10 ^ 

In the case of the read access which is described first of 
all, it is assumed that the master unit Ml wishes to read da- 
ta from the slave unit SI. 

15 The read access thus starts with the master unit Ml emitting 
an address, a read signal and a request signal via the 
address bus ADDRl , with the master unit Ml 

- using the request signal to signal that it wishes to 
20 access one of the slave units , 

- using the read signal to signal that it wishes to read 
data from the relevant slave unit, and 

25 - using the address to indicate the slave unit or the 
point within the relevant slave unit from which data 
should be read. 

The address r the read signal and the request signal aire supp- 
30 lied via the address bus ADDRl both to the arbiter Al and to 
the arbiter A2. Each of the arbiters Al and A2 uses the re- 
quest signal to identify that a master unit is requesting an 
access, and then uses the address to check whether the access 
is intended to be made to the slave unit which is associated 
35 with the respective arbiter. In this case, the arbiter Al 

finds that the requested access is intended to be made to the 
slave unit SI which is associated with that arbiter Al; the 
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arbiter A2 finds that no access is intended to be made to the 
slave unit S2 which is associated with that arbiter A2. 

Once the arbiter Al has found that a master unit wishes to 
5 access the slave unit SI, it first of all emits a grant si- 
gnal via the address bus to that master unit which has reque- 
sted access to that slave unit SI; the master unit which has 
requested access can be determined on the basis of the 
address bus via which the request signal requesting access 
it) was transmitted. Thus r in the example under consideration, 
the arbiter Al transmits a grant signal via the address bus 
ADDR1 to the master unit Ml- 



The master unit Ml uses the grant signal supplied to it to 
15 identify that its access request has been accepted, and now 
waits for the transmission of the data requested from the 
slave unit SI. The master unit has no information as to when 
this data will be supplied, and the master unit is also not 
signaled by means of wait state cycles or the like that the 
20 data requested from the slave unit SI is not yet available. 
Instead of this, the master unit waits until it is supplied 
with a ready signal, which will be described in more detail 
later on. 

25 After emitting the grant signal to the master unit Ml, or 

even at the same time as this, the arbiter Al checks whether 
the slave unit SI can be accessed at that time* This is the 
situation when the slave unit is not already being accessed 
at that time and when there are no access requests to be 

30 processed in advance. Access requests which are to be proces- 
sed in advance may, by way of example, be access requests 
which arrived at the arbiter Al earlier, or which have a hig- 
her allocated priority than the present access request* 

35 If the arbiter Al finds that the access requested by the ma- 
ster unit Ml to the slave unit SI can be carried out, it 
transmits the read signal and that part of the address which 

t 
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is required for addressing that slave unit SI via the address 
bus ADDR2 to the slave unit SI. 

Essentially at the same time, the arbiter Al actuates the 
5 multiplexer MCJX1 such that it passes on the data supplied to 
it from the slave unit SI via the read data bus READ2 to the 
master unit Ml, via the read data bus READl . In addition, it 
is possible to provide for the arbiter Al to actuate the mul- 
tiplexer MUX2 such that the latter passes on the data supp- 
10 lied to it from the master unit Ml via the H*rite data bus 
WRITE1 to the slave unit SI via the write data bus WRITE2. 

The slave unit Si uses the data supplied to it via the 
address bus ADDR2 to identify that it should read and emit 
15 the data stored at the address supplied to. It then reads the 
data to be read, and emits this data together with a ready- 
signal via the read data bus READ2, The data transmitted via 
the read data bus READl is passed on via the multiplexer MUX1 
and the read data bus READl to the master unit Ml. 

20 

As has already been explained above, the master unit Ml waits 
to receive the ready signal. The ready signal signals to the 
master unit Ml that the data already requested by the master 
unit Ml from the slave unit SI is available and can now be 
25 read. The master unit Ml reads the data supplied to it via 

the read data bus READl, thus ending the read access process. 

In the example under consideration, the master unit Ml had to 
wait to receive the ready signal, that is to say, in the me- 

30 antime, it did not carry out any further access to one of the 
slave units. However, the master unit can make further ac- 
cesses to the slave units even before reception of the ready 
signal. In particular, it is feasible without any problems 
for the master unit Ml to request further accesses to the 

35 slave unit which it is currently accessing, even before re- 
ceiving the ready signal. This means that, even before the 
termination of an access to the slave unit SI, the master 
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unit Ml can make one or more further accesses to that slave 
unit SI. 

Since the master unit Ml is caused to receive a ready signal , 
5 which is produced by the slave unit and is passed on through 
the cross bar XB to the master unit, in order to read the da- 
ta emitted from the slave unit, there is no need 

for the master unit to be informed of this information 
10 that has been set, defining the time at which the data 

emitted from the slave unit SI should be read, or 

for a wait state generator to be provided in the cross 
bar, or anywhere else, which signals to the master unit 
15 by producing wait state cycles that the data requested 

from the slave unit SI is not yet available for reading. 

This in turn makes it possible for any desired number of 
pipeline stages to be inserted at any desired points, coraple- 

20 tely independently of one another, in the buses via which the 
units - connected to the cross bar are connected to the cross 
bar, without any need for this to be taken into account in 
the design and configuration of the master unit Ml and of the 
cross bar XB- Figure 1 shows one possible arrangement of 

25 pipeline stages. As has. already been mentioned above, the 

pipeline stages are annotated by the reference symbols PS1 to 
PS7 . The pipeline stages may also be provided outside of the 
cross bar. 

30 The pipeline stages result in the data and signals which are 
transmitted via the data and signal paths which contain the 
pipeline stages being transmitted delayed by one or more 
clock signal periods. However, in the case of the arrangement 
which is illustrated in Figure 1 and is described with refe- 

35 rence to that figure, this cannot interfere with correct ope- 
ration of the arrangement, in any circumstances- The master 
unit Ml reads the data supplied to it from the slave unit SI 
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when it receives the ready signal that is transmitted at the 
same time as the data, so that it is irrelevant how long it 
takes between requesting access to the slave unit SI or re- 
ceiving the grant signal and the reception of the data reque- 
5 sted from the slave unit. 

A corresponding situation also arises , of course, when the 
master unit Ml wishes to read data from another of the slave 
units that are present, or when another of the master units 
10 which are present wishes to read data from one slave unit. 

A similar situation occurs when the master unit Ml makes a 
write access to the slave unit SI, that is to say when the 
master unit Ml transmits to the slave unit SI data to be sto- 
15 red in it or to be further processed in it. 

The write b.c-cbss starts with the master unit Ml emitting via 
the address bus ADDR1 an address, a write signal and a re- 
quest signal, with the master unit Ml 

20 

- signaling by means of the request signal that, it wishes 
to access one of the slave units, 

- signaling by means of the write signal that it wishes to 
25 write data to the relevant slave unit, and 

- indicating by the address the slave unit or the point 
within the relevant slave unit to which the data should 
be written - 

30 

The address, the write signal and the request signal are 
supplied via the address bus ADDR1 both to the arbiter Al and 
to the axbiter A2- Each of the arbiters Al and A2 uses the 
request signal to identify that a master unit has requested 
35 access, and then uses the address to check whether the access 
is intended to be made to the slave unit which is associated 
with the respective arbiter. In this case, the arbiter Al 
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finds that the requested access is intended to be made to the 
slave unit SI which is associated with the arbiter Al; the 
arbiter A2 finds that no access is intended to be made to the 
slave unit S2 which is associated with that arbiter A2. 

5 

Once the arbiter Al has found that a master unit wishes to 
access the slave unit SI, it first of all emits, via the 
address bus r a grant signal to that master unit which has re- 
quested access to the slave unit SI; the master unit which 
10 has requested access can: be determined on the basis of the 
address bus via which the request signal requesting access 
was transmitted* Thus, in the example under consideration, 
the arbiter Al transmits a grant signal via the address bus 
ADDR1 to the master unit Ml, 

15 

The master unit Ml uses the grant signal supplied to it to 
identify that its access request has been received, and now 
waits until it can emit the data to the slave unit si which 
it wishes to store in that slave unit SI. The master unit has 

20 no information: about the time at which this can be done, and 
the master. unit is also not signaled by means of wait state 
cycles or the like that tlie relevant time has not yet been 
reached. Instead of this, the master unit waits until it is 
supplied with a ready signal, which will be described in more 

25 detail later on. 

After emitting the grant signal to the master unit Ml, or 
even at the same time as this, the arbiter Al checks whether 
access is currently possible to the slave unit Si. This is 

30 the case where no access is currently being made to the slave 
unit and when there are no access requests which need to be 
dealt with in advance. Access requests which need to be dealt 
with in advance may, for example, be access requests which 
arrived at the arbiter Al earlier, or which have a higher as- 

35 sociated priority than the current access request. 
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If the arbiter Al finds that the access requested by the ma- 
ster unit Ml to the slave unit SI can be carried out, it 
transmits the write signal and that part of the address which 
is required for addressing the slave unit Si, via the address 
5 bus ADDR2 to the slave unit SI. 

Essentially at the same time: 

the arbiter Al actuates the multiplexer MUX1 such that 
10 it passes on the data supplied to it from the slave unit 

SI via the read data bus READ2, via the read data bus 
READ1, to the master unit Ml, and 

the arbiter Al actuates the multiplexer MUX2 such that 
15 it passes on the data supplied to it from the master 

unit Ml via the write data bus WRITE1, via the write da- 
ta bus WRITE2, to the slave unit SI. 

The slave unit SI uses the data supplied to it via the 
20 address bus ADDR2 to identify that data should be stored at 
the address supplied to it. It then emits a ready signal on 
the read data bus READ2. This signal is passed via the multi- 
plexer MUX1 and the read data bus READ2 to the master unit 
Ml. 

25 

As has already been explained above, the roaster unit Ml waits 
to receive the ready signal- The ready signal signals to the 
master unit Ml that the master unit Ml may now emit the data 
to be written to the slave unit SI. The master unit Ml then 

30 emits the data to be written to the slave unit SI, together 

with a data valid signal, via the write data bus WRITE1. This 
data is passed via the multiplexer MUX2 and the write data 
bus WRITE2 to the slave unit Si. The slave unit Si uses the 
data valid signal to identify that the data to be written to 

35 it is available. It reads this data, and stores it or 

processes it further. This completes the write access by the 
master unit, Ml to the slave unit SI. 
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In the example under consideration, the master unit Ml had to 
wait to receive the ready signal, that is to say in the mean- 
time it did not make any further access to one of the slave 
5 units. However, even before receiving the ready signal, the 
master unit can make further accesses to the slave units. In 
particular, it is possible without any problems for the ma- 
ster unit Ml to request further accesses to the slave unit 
which it is currently accessing, even before receiving the 
10 ready signal. This means that, even before completion of an 
access to the slave unit SI, the master unit Ml may request 
one or more further accesses to the slave unit SI* 

Since the master unit Ml is caused to receive a ready signa.1, 
15 which is produced by the slave unit and is passed on through 
the cross bar XB to the master unit, in order to emit the da- 
ta to be written to the slave unit SI, there is no need 

for the master unit to be informed of this information 
20 that has been set, defining the time at which the data 

emitted from- the slave unit SI should be read, or 

- for a wait state generator to be provided in the cross 
bar, or anywhere else, which signals to the master unit 
25 by producing wait state cycles that the data to be writ- 

ten to the slave unit SI is not yet to be emitted. 

This in turn makes it possible for any desired number of 
pipeline stages to be inserted at any desired points, comple- 

30 tely independently of one another, in the buses via which the 
units connected to the cross bar are connected to the cross 
bar, without any need for this to be taken into account in 
the design and configuration of the master unit Ml and of the 
cross bar XB. Figure 1 shows one possible arrangement of 

35 pipeline stages. As has already been mentioned above, the 

pipeline stages are annotated by the reference symbols PSl to 
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PS7. The pipeline stages may also be provided outside of the 
cross bar. 

The pipeline stages result in the data and signals which are 
5 transmitted via the data and signal paths which contain the 
pipeline stages being transmitted delayed by one or more 
clock signal periods. However, in the case of the arrangement 
which is illustrated in Figure 1 and is described with refe- 
rence to that figure r this cannot interfere with correct ope- 

10 ratiort of the arrangement , in any circumstances. On reception 
of the ready signal r the master unit Ml emits the data to be 
written to the slave unit Sl r so that it is irrelevant how 
long it takes between the request for access to the slave 
unit SI or the reception of the grant signal and the emission 

15 of the data to be written to the slave unit. 

A corresponding situation also arises r of course , when the 
master unit Ml wishes to write data to another of the slave 
units which are present r or when another of the master units 
20 which are present wishes to write data to a slave unit. 

The described arrangement can be implemented and operated in 
a simple manner, and allows the devices which are connected 
to one another via the cross bar to cooperate efficiently, 
25 and to be combined in a flexible manner. 
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Claims 

1. An arrangement having a first device (Ml) , and a second 
device (Si) which is connected to the first device via a 

5 cross bar (XB) , in which case the first device can access the 
second device via the cross bar for reading and/or writing f 
wherein 

- when a read access to the second device occurs, the 
first device reads the data emitted from the second de- 

10 vice, when it receives a ready signal which is* produced 

by the second device and is supplied to the first device 
via the cross bar, and 

- when a write access occurs from the first device to the 
second device, 

15 - the first device emits the data to be written to 

the second device, when it receives a ready signal 
which is produced by the second device and is supp- 
lied to the first device via the cross bar f and 
- the second device reads the data emitted from the 

20 first device, when it receives a data valid signal 

which is produced by. the first device and is supplied 
to the second device via the cross bar, 

2. The arrangement as claimed in claim 1, 
25 wherein 

the first device (Ml) and the cross bar (XB) are connected to 
one another via a first address bus (ADDR1) , a first read da- 
ta bus (READ1) , and a first write data bus (WRITE1) , and 
wherein the second device (SI) and the cross bar (XB) are 
30 connected to one another via a second address bus (ADDR2) , a 
second read data bus (READ2) , and a second write data bus 
(WRITE2) . 

3. The arrangement as claimed in claim 1 or 2 r 
35 wherein 
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the first device (Ml) sends a request signal to the cross bar 
(XB) when it wishes to make a read access to the second de- 
vice (SI) . 

5 4, The arrangement as claimed in claim 3, 
wherein 

the first device (Ml) sends an address to the cross bar (XB) 
at the same time as the request signal , which address speci- 
fies the device, and the point within the device, from which 
10 data should be read\ 

5. The arrangement as claimed in claims 2 to 4, 
wherein 

the request signal and the address are transmitted to the 
15 cross bar (XB) via the first address bus (APDR) , 

{>• The arrangement as claimed in claim 3 r 
wherein 

the cross bar (XB) confirms the read access request by trans- 
20 mission of a grant signal to the first device (Ml). 

7. The arrangement as claimed in claims 2 and 6, 
wherein 

the grant signal is transmitted to the first device (Ml) via 
25 the first address bus (ADDR1) . 

8- The arrangement as claimed in claim 4 r 
wherein 

the cross bar (XB) passes on at least a portion of the 
30 address supplied to it via the second address bus (ADDR2) to 
the device from which data should be read, 

9. The arrangement as claimed in claim 8 r 
wherein 

35 the second device (SI) emits to the cross bar (XB) the data 
which is stored at the address supplied to it. 

10. The arrangement as claimed in claim 9, 
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wherein 

the second device (SI) emits the ready signal to the cross 
bar (XB) at the same time that it emits the data that has be- 
en read. 

5 

11 . The arrangement as claimed in claim 10 r 
wherein 

the data that has been read and the ready signal are trans- 
mitted to the cross bar (XB) via the second read data bus 
10 (READ2) • 

12- The arrangement as claimed in claim 11, 
wherein 

the cross bar (XB) passes on the data supplied to it and the 
15 ready signal via the first read data bus (READl) to the first 
device (Ml) . 

13. The arrangement as claimed in one of the preceding 
claims r 
20 wherein 

the first device (Ml) sends a request signal to the cross bar 
(XB) when it wishes to make a write access to the second de- 
vice (SI) . 

25 14. The arrangement as claimed in claim 13, 
wherein 

the first device (Ml) sends an address to the cross bar (XB) 
at the same time as the request signal r which address speci- 
fies the device and the point within this device to which da- 
30 ta should be written. 

15. The arrangement as claimed in claims 2 r 13 and 14 , 
wherein 

the request signal and the address are transmitted to the 
35 cross bar (XB) via the first address bus (ADDR1) . 

16. The arrangement as claimed in claim 13 9 
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wherein 

the cross bar (XB) confirms the write access request by 
transmission of a grant signal to the first device (HI) - 

5 17. The arrangement as claimed in claims 2 and 16 r 
wherein 

the grant signal is transmitted to the first device (Ml) via 
the first address bus (ADDRl) . 

10 18. The arrangement as claimed In claim 14 r 
wherein 

the cross bar (XB) passes on at least a portion of the 
address supplied to it via the second address bus (ADDRl) to 
the device to which data should be written. 

15 

19. The arrangement as claimed in claim 18 , 
wherein 

the second device (SI) emits the ready signal to the cross 
bar (XB) when it is ready to receive the data to be stored ±n 
20 it- 

20. The arrangement as claimed in claim 19, 
wherein 

the ready signal is transmitted to the cross bar (XB) via the 
25 second read data bus (READ2) . 

21. The arrangement as claimed in claim 20, 
wherein 

the cross bar (XB) passes on the ready signal to the first 
30 device (Ml) via the first read data bus (READl) . 

22. The arrangement as claimed in claim 21 r 
wherein 

the first device (Ml) emits to the cross bar (XB) the data to 
35 be written to the second device (SI) . 

23. The arrangement as claimed in claim 22 r 
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wherein 

the first device (Ml) emits the data valid signal to the 
cross bar (XB) at the same time that it emits the data to be 
written to the second device (SI) . 

5 

24. The arrangement as claimed in claim 23 f 
wherein 

the data emitted from the first device (Ml) and the data va- 
lid-signal are transmitted to the cross bar (XB) via a first 
10 write data bus (WRITE1) . 



25, The arrangement as claimed in claim 24 , 
wherein 

the cross bar (XB) passes on the data supplied to it and the 
15 data valid signal to the second device (SI) via a second 
write data bus (WRITE2) - 
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Abstract 

Arrangement having a first device, and a second device which 
is connected to the first device via a cross bar 

5 

An arrangement is described, having a first device and a se- 
cond device which is connected to the first device via a 
cross bar, in which case the first device can access the se- 
cond device via the cross bar for reading and/or writing. The 
10 described arrangement is distinguished in that^i 

when a read access to the second device occurs, the 
first device reads the data emitted from the second de- 
vice,, when it receives a ready signal which is produced 
by the second device and is supplied to the first device 
15 via the cross bar, and 

- when a write access occurs from the first device to the 
second device, 

- the first device emits the data to be written to 
the second device, when it receives a ready signal 

20 which is produced by the second device and is supp- 

lied to the first device via the cross bar, and 

- the second device reads the data emitted from the 
first device, when it receives a data valid signal 
which is produced by the first device and is supplied 

25 to the second device via the cross bar. 

Figure 1 
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List of reference symbols 



Ax 


Arbiter 


ADDRx 


Address bus 


MX 


Master unit 


MUXx 


Multiplexer 


PSx 


Pipeline stage 


REAPx 


Read data bus 


Sx . 


Slave unit 


WRITEx 


Write data bus 


XB 


Cross bar 
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